Single-walled carbon nanotubes (SWCNTs) were prepared by a modified arc discharging furnace using Fe-Ni-Mg powders as catalyst at 600
INTRODUCTION
Since the discovery of single-walled carbon nanotubes (SWCNTs) by Iijima and Bethune in 1993 [1, 2] , there has promised a new field of science and technology with their specially elongated fullerene structure. But the research and application of SWCNTs have been confined in a considerable degree because of low production rate. Therefore, how to improve the production rate of SWCNTs has become a difficult work. Many researchers have carried out large amounts of significant studies on this area [2] [3] [4] [5] [6] [7] . There are mainly three of synthesis methods, such as arc discharge (AD) [8] , laser ablation (LA) [9] , and chemical vapor deposition (CVD) [10] .
For all methods, catalyst plays a very important role on the production of SWCNTs. Generally, a metal or an alloy powder as catalyst is necessary for the growth of the SWCNTs according to the growth mechanism. A suitable catalyst and other conditions can improve the production of SWCNTs. Therefore, the investigation of catalyst including its type, composition, and content is very important to control the synthesis of SWCNTs on large scale. Generally, SWCNTs are prepared by using catalysts which include transition single metal or multimetals, such as Fe, Co, and Ni or Co/Ni and Ni/Y [11] [12] [13] [14] . All the catalysts are effective to improve the production of SWCNTs under certain conditions. According to previous literatures [6, 7] , Fe − Ni − Mg powder as catalyst is one of the more efficient catalysts to prepare SWCNTs by arc discharging furnace at controlled temperature on large scale and high purity at present. The effect of temperature on the formation of SWCNTs has been studied in detail [6] . However, the effects of catalyst composition and content on the growth of SWCNTs are not well investigated in previous paper. Therefore, it is necessary to carry out this research continuously and deeply so that we can commendably control the formation of SWCNTs. The aim of this work is to develop a control method which can synthesize SWCNTs on large scale and high purity so that they meet the needs of researches and applications.
EXPERIMENTAL
In our experiment, SWCNTs were prepared by arc discharging furnace at controlled temperature using a mixture of FeNi-Mg powders as catalyst at 600
• C [15] . The arcing current is 100A and the static helium atmosphere pressure is 500 torr. Finally, we obtained a cloth-like soot formed on the entire inner wall of the chamber and, in general, an 80 mm anode rod is used up in 10 minutes and 2 g of soot can be collected. 
RESULTS AND DISCUSSION
Under the fixed conditions, such as Fe-Ni-Mg powders as catalyst, the environmental temperature of 600
• C, the arc current of 100A, helium(the purity about 99.995%) as buffer gas and the pressure of 500 torr, SWCNTs were synthesized by arc discharging furnace at controlled temperature. The effects of catalyst composition and content on the formation of SWCNTs are mainly investigated.
The Fe-Ni-Mg (5 wt%) catalyst composition of (wt%): 2 : 1 : 0.5, 2 : 1 : 2, 2 : 2 : 1, 2 : 3 : 1 and 1 : 1 : 1 is studied, respectively. The results are shown in Table 1 and Figure 1 .
The results from Table 1 show that the effect of catalyst composition on the production and purity of SWCNTs is obvious. With the content of Fe increasing, the production and purity of SWCNTs all decreased. That is to say, low content of Fe is effective to improve the production of SWCNTs. Meanwhile, low content of Mg is not effective to improve the production of SWCNTs, suitable Mg content can improve the production of SWCNTs. Mg has small radius and low evaporation point because the high content of Mg may increase the pressure of chamber so that the production is decreased. But the low content Mg cannot exert its action. When the catalyst composition is 2 : 1 : 2 wt%, the production of SWCNTs 12 g/h, and the relative SWCNTs purity is 80%. Therefore, the suitable catalyst composition can make the production rate and purity of SWCNTs high. The typical TEM was shown in Figure 1 . Figure 1 shows that the SWCNTs have some impurities.
Then we set the condition of Fe-Ni-Mg (2 : 1 : 2 wt%) catalyst content. It is 8, 6, 5, 4, 3, 2, and 1 wt%, respectively. The results are shown in Table 2 and Figure 2 .
The results from Table 2 show that the effect of catalyst content on the production and purity of SWCNTs is also obvious. With the catalyst content increasing, the production and purity of SWCNTs increase. Meanwhile, the catalyst content result (5%) is a critical point. This value is, extensive the production and purity of SWCNTs decrease. When the catalyst content is 5%, the production of SWCNTs is 12 grams per hour, and the relative SWCNTs purity is 70%. The typical TEM was shown in Figure 2 .
SEM image of this carbon nanotube is shown in Figure 3 . HRTEM image of them is shown in Figure 4 . The XRD and Raman patterns are shown in Figures 5 and 6 . Figure 3 shows that the purified SWCNTs are very pure and the tubes congregate bundles due to the Van der vaals. HRTEM image of Figure 4 shows that the SWCNTs have high purity and the diameter is about 1.3 nm by measurement. Generally, an individual carbon tube is difficult to exist by 100 nm the affection of electron beam while TEM or HRTEM is carried out. Therefore, a bundle of SWCNT can be seen. XRD pattern of Figure 5 shows that the diffraction peak of the 002 face at 26.3
• is sharp compared to graphite diffraction peak. The microstructure of SWCNTs has good graphite crystallinity, it is a perfectly hexagonal crystal structure. Raman patterns of Figure 6 show that the SWCNTs have two RBM peaks. The correspondence diameters are 1.38 and can be seen at 1592 cm −1 , which is a characteristic peak of carbon tube.
The results indicate that the cooperative function of catalyst composition and content play an important role in the production and the purity of SWCNTs. Compared to previous literatures, the present work only exhibits that the same catalyst which has different composition and content lead the different productions. Optimal parameters have been obtained by experimental researches. We think that moderate catalyst composition and content may enhance the dynamics process of the growth of SWCNTs. The further research of the growth mechanism will be carried out.
